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Abstract: In order to reveal the nutrient resorption characteristics of the main tree species of different succession stages and
vegetation types in Ziwuling forest area on Loess Plateau, we selected four secondary succession forest tree species ( Quercus
wutaishansea Mary, Pinus tabuliformis Carr., Betula platyphylla Suk., and Populus davidiana Dode) and two artificial
forest tree species (Robinia pseudoacacia L., and Platycladus orientalis (L.) Franco). The C, N and P concentrations of
soil, green leaves, and senesced leaves were determined, and the N and P resorption efficiency (NRE and PRE) and C :N
:P stoichiometry ratios were calculated. The results showed that (1) the soil and leaves nutrients were significantly different
among different tree species.The soil C and N contents and C :N :P stoichiometry ratios showed the order of late succession
stages forests ( Quercus wutaishansea Mary and Pinus tabuliformis Carr. ) >early succession stages forests ( Betula platyphylla
Suk. and Populus davidiana Dode ) >artificial vegetation forests ( Robinia pseudoacacia 1. and Platycladus orientalis (L.)
Franco). (2) The NRE and PRE of different tree species was 17.18%—43.34% and 27.13%—58.12%, respectively,
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with the order of late succession stages forests> artificial vegetation forests>early succession stages forests. The PRE were
mostly higher than the NRE. (3) The NRE and PRE showed stronger relationship with leaves nutrient than with soil
nutrient, and also showed stronger relationship with C :N :P stoichiometry ratios than with C, N and P concentrations. It
indicated that N and P resorption was an important mechanism for typical tree species in the Ziwuling forest area to adapt to
nutrient limitation, especially for the late succession stages forests. This can provide basis for vegetation restoration in the

Loess Plateau.

Key Words: nutrient resorption efficiency; C:N :P stoichiometry; soil nutrients; senesced leaves; the Loess Plateau

T 753 P ( Nutrient resorption ) J2is AE P T A Y 17K vh ) 98 38 00 6 B 3 AR A b ity ik
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Table 1 Basic information of the sample lands

A Tk FAE

B KR W i) Bulk Diameter Average  MFFEHY
Sample land Elevation/m  Slope/(°)  Aspect/(°) density/ at breast tree Mainly undergrowthplans
(g/em?) height/cm height/m
HkE W2 Duchesnea indica (Andr.) Focke
1195 27 40 1.15 28.64 7.65 e
Robinia pseudoacacia 1. o HJL3E Cirsium setosum (Willd.) MB.
I A R 1 . .
FULL | - ‘ ] 1241 30 45 114 236 703 lﬂ%@fﬁ Vlbu'rnumlschemzanum Maxim.
Platycladus orientalis (L.) Franco FIER Potentilla discolorBge.
ik F AU oras P
I ‘ 1194 ” 50 1.06 18,55 %36 f,)[gzm*(,e::uus tomentosa ( Thunb.) Wall.
Betula platyphylla Suk K4t 25 Carex lanceolate Boott
7 k%, RhamnusutilisDecne.
1173 16 284 1.04 36.85 9.86 -
Populus davidiana Dode KA ZH Carexlanceolate Boott
LN EMEBE Cerasus tomentosa (Thunb.) Wall.
1201 35 310 1.01 35.64 8.65 I
Pinus tabuliformis Carr R EEL Carexlanceolate Boott
jig . 1267 » 60 101 39.67 7.66 RS2 4 Spiraea cantoniensis .Lour.
Quercus wutaishansea Mary W AE Melampyrum roseum Maxim.

2016 4F 7 A AR BB T N BEALIERE 10 BRA K BT A @ RE AR IR , DU FL I AR O bR i, 76 bk
FEW)ZR i P AL DU D7 2R IO EE b b R ARAMIN A 5% B AZO RAF TRk TOAe HEE By s R (AR A
PAHIBCYAERT LM ) BERCR AR 25 50 g, W) —AEJ7 AT TR 20 J5 R O 732 100 g 7 A7 A A B4R
A T2, 105°C A TF 30 min, K5 60°C LT EAHH , B IEHUR TG 12 100 H 5 G A2 H T 37 43I 5E 5 10
HIRAERRC IR IR bR AR 58 7 s (HIR R PR P 0y ik R SRR DT VL 5 et Ik —HE . [WE, 7 A A
Ti TR AR IEHE 5 A RAE R, ZERAE Y ERAR FR ZA R W5 R 4 em 9 LEEREE 0—10 em AT £
5 R RN 5 ARE R AR B2 RS KT WHER R 100 H 5 5 OAF, T T ISR E . MR
JT NBEFLZERE 51 1 mx1 m A/DE T TR A AR T BACE Y
1.3 KR

TS I R BB 2R AR TR B - AN A B D 5 A A SRR T MR B R - e SR R N AT 2
J5 Fl4: A ZhELIGE AL (KDY-9830) M 5E ; M F 42 ECR FH R IR -H, O, I FAH #0J5 Fl4x A sl I AU E
TR R A2 IR T SRR R B b A TR 5 - R ORI IR TR R E
1.4 BEAFERMGE o0

HPIE 5 TR IR A

NuRE = (1 - w‘) x 100%
w,
#H NuRE ( Nutrients resorption efficiency) AR N 5% P BRI IKCR jw, HIETEM N 5% P & (g/kg) ;w, WAL
PN B P E i (g/ke) o

TR R IR A A E T TR BT L 5 B SR T B K R U7 2243 BT ( One-way ANOVA) 65 50 445 B3
ANE AR PRIE] 925 55, R A Duncan R8T 28 UL, BB EKF- A P<0.05 5 RATTA /34T (redundancy analysis,
RDA) WA N P BIRICR 538504608 A S8 hn Rl YOG & 5 i1 SAS(V9.0, SAS Institute
Inc., North Carolina, USA) #4754 i+ #1118, Origin 2016 ( OriginLab Corporation, Northampton MA, USA)
FHTAER, B iR 224 bnifiEiR 22

http ; //www.ecologica.cn



1134 Mo A B AR I AR D R A A N PRI SCRFAE 3701

2.1 AREIB A A C N P SRR FE

3 C NP EEATTE AR M BB B35 225, b ¢ N &A1 C NP i ¥ o flRE Ak
A, L R AR R 5 (P<0.05) |, AR R M T 85 o UM HE (30 ZR AR AT A ) > TR AT 0 AR (LA A i) > A
TARCIAAFIHIRE ) (P<0.05) , FUMLAR + 38 P & o o 35 & A AR L DUATFI ARARAR HIE P S i B &L T
HAtb bk H (P<0.05) ,

#2 AE#HMTECNPEIEMESLKFEITELL

Table 2 Soil C, N, P contents and stoichiometry ratios in different forests

Fe#h Sample land ¢/ (g/kg) N/(&/kg) P/(gw/'kg) C:N C:P N:P

HUIE Robinia pseudoacacia L. 9.62+2.08d  0.89+0.07d  0.60£0.04a  12.41+1.81bc 42.23x11.46¢ 3.34+0.45¢
WA Platycladus orientalis (L.) Franco  15.50+1.63c  1.51+0.08c  0.42+0.07c  11.94+0.94c  98.43x15.91b  8.22+0.88b
F1HE Betula platyphylla Suk 22.18+1.67b  1.87x0.10b  0.49+0.05b  13.87+1.47b 117.98+19.10b  8.46+0.48h
1Wi# Populus davidiana Dode 21.91+1.10b  1.84x0.10b  0.49+0.08b  13.96x1.11b 118.48x17.16b  8.51x1.14b
MR Pinus tabuliformis Carr 22.97+3.46b  1.64+0.05bc  0.51x0.02b  16.39+2.02a 116.18x13.86b  7.17+0.43b
TLZRME Quercus wutaishansea Mary 28.95+1.05a  2.05x0.24a  0.44x0.0dc  16.69+2.21a 171.44x16.75a  10.51.08a

RIS [ /NG G RE R R AN R i ) 77 6 1835 22 57 (P<0.05)

2.2 A[FERFEEFIFE T C N P &R ARSI

AR st it AR C N P S B A7AE 3 22 5% (P<0.05) , Hob (M Fnam b s ik FJEvE i ¢ S8y
3 T HA AR (P<0.05) . BB A0 FD PR R T N SR, AAERNL RAR IR, A R R Ik (P<
0.05) . AR MUALFILL AR REERT P 5 o 0 2 8 T A =Rl (P<0.05) BJAE I P& B MRS e, Tl AL
e fIlG, HoAb A Fh 22 () 22 N B

ANFER B AT P i C N P T R TE 0 2 25 57 (P<0.05) , Hirdsfrt C N ZRI AT L
P R 2 T A = AR (P<0.05) s Y& C N TR SR, R AIG , AL A 2 [ 22 7 R, A
HE 1A% HFA R EER C P 5825 TR MR R AR BR (P<0.05) 5 AR RV it C =P i 2 i 1 LA AR Aol |
B AR T AR I C P B KT oA 4 FRBFR(P<0.05) , JRREERT AN N P ¥y 82w T HAl
RiF (P<0.05) , EAFA L ATV I N 2P g I8 T HADAR B (P<0.05) , FIHE 1A% TRAA R ZR AR Z (8]t
N:P EZRARE,

2.3 NP HMISCR RS 3R 7 3250 C R

ANFEMFI I 7 NRE Fl PRE Z A ¥ BA B E M2 5, HPh I REEM R NRE &, - 43.34% , il #
(40.99% ) FIIHIHFA (36.78% ) Yk 2., ILKG A , AR 17.18% (P<0.05) . M F PRE Wi HAF 5 (58.12%)
A (46.00% ) AR (42.51% ) FMUAT (37.14% ) IR Z, 1A% (30.73% ) FIEIHE(27.13% ) S I #a 3 (P<0.05) .
Xof A [7) T8 25 A B R 2 750 b o 3 2 ISR 20 #r 2% B, M F NRE Il PRE 3938 30 16 85 I 301 bk (3 5 Bk
FITIARS ) > A AR ORI ) >8R AT AR (LLAZ AT HE ) (P<0.05)  BR EAHESS , HoAtAR Flt 15 36 B A 0
PRE>NRE,

ANFEMFRE NRE F PRE Z2 AL 5 - R i R = o0 Flit i LU Z BIAFFE—E G &R, HEPIM R C
NP &I X 5 NP IR ISR AR b Y 25 5 fif B 351k 5] 68.53% , % NRE Fll PRE 19 fif BE 553 5l
56.96%F11 58.45% (E 3) , H:AMF TN .C:N I N:P 5 NRE Z[AIfFfF W Z A, i H TP C:P FIN:P 5
PRE Z[AIfELE B E A OCHE (P<0.05) , 13 C N P & At o b Xt it i N P BRI AR L I ZR G iR B
47.58% , %} NRE 1 PRE BSR4 43.04% F1 41.55% (18 3) . HrpAX 13 € :N 5 A NRE Z A 7715
WEAHOCHE, 14 C:N Fl C:P 5t PRE Z[AIFA7E 3 AHOCHE (P<0.05) o M 3840 Flit & LU 285 i R
RGBS B R R = T
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Fig.1 Leaf C, N, P contents and stoichiometry ratios in different forests
) —FE B AR EEAN ) NG B R R 2 [ A7 7E B 25 25 57 (P<0.05)
3 Wig

AN RIAEAE I F T8 C N P AL iR AR
TP RGEZME C NP FE0E P % Akt
RS2 bl o 2B 25 R G A3 B JE Rl (HAS ) At 5
FEEZ A O R AR R 5 ATARAR L, AR ]
ST B ISR AR R A Mk 4 B 25 5 A2 it - 435 4 1Y)
LR ORBF bk 4 P A RSN, 3 C N A
C:N P I R B R A ROR T AN TR, B A
S AACHD, (I ARAR R ) T 8 i B AR, ( P e AT L
W) R T UL RS,

L G 3% 0 i R H 2 Ll s WA i
KRB BB AR, EBEHE TAEY YA B Rt A
KO B B2 3 R 0 & i O C R R
M2 AR A AR R T C NP R R AR A
I3 A 369.72—476.26 g/kg. 11.62—28.94 go/kg F
2.48—4.74 g/ke, Hof C N i B2 2 BRI HORE -
C(464 g/kg) P HIN(20.09 g/kg) O FHy a0 P &

3.1

Fr43 PR LA
Nutrient resorption efficiency/%

& 2
Fig. 2

tree species
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AEWFMF N P BREZE(NRE il PRE) $#E

Leaf N and P resorption efficiencies of different

NRE : & FF WU Nitrogen resorption efficiency ; PRE ; i 5 W i %
Phosphorus resorption efficiency ; [l —38 ARbr i A Rl /N FhE £ R
W 2 [RIA77E 2. 35 25 57 ( P<0.05)
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Fig.3 Redundancy analysis of leaf N, P resorption efficiencies and nutrients concentration and its stoichiometry ratios in different
tree species
TC % % i C concentration; TN : &7 i N concentration; TP : B & # P concentration; I Fx Leaf 8% Soil 435I /R %48 b5 A A o -4 VE, #l
VE /R %3545 NRE 2§ PRE (R TVE 28 M F (T s leaf) 838 (T AR soil ) #E k54 NRE( F45-N) 8 PRE( FF5-P) BIZ5 &
R T RARTE AR R T UL H S NRE FIl PRE IR 5 + P<0.05; * = P<0.01

T EERTKT(1.77 g/kg) Y s ANRIRAI AN B 3240 & AP R R E 2 5, Hoh b | C NP & fem
(B 2 00 Ry I RE IR RIL 5B . Giisewell ' AFFE K IE A N :P>16 165N :P>14 Fil N :P<14 1E R F57R
FE AR AZ PR N AP R[] BRI AT N BRG] B, RS B R, AR DURIBR T N <P 2 17.72 K
F 16, FIMEN - N <P Sk 14.83 B &5 F 14 (H/NF 16, BEBH F/r BInT 822 2 P BRIk N P e[ BRI ; i HAth
BRI R NP /T 14, A KA RERZ B N BRI, 3X 5 AT ARS8 A S B Tl XORI R AR AR K32 3 PR
il 7S AL AR A AESZ B N BRI B4 — B, BRI AR I N TR A MR R AN [ R 22 B N
o P R4 BR I

FEH RV I 5 43 1) - 38 U5 1) T SR AR S8 AL M R TE VR T 200 — 3843 N P FR B RS B AT N
i T YE T NP SR T ET A NP S AR A R R T NP S AR FE Ak
7.38—17.07 g/kg Fl 1.33—2.66 g/kg, PUET MBUH (P<0.05) , & X — M A, HIEEM C & }404.43—
497.65 g/kg, BN IR T 5.29% , LB Ky C JEA A R 25 T 2 VAT R K 4 T R
AR5 PR 2 B C S AR RN, H R I o R AR EE S W AT TRV NP E R
T A= U ) 16 3l , 2 A 08 0 7% 0 DR o fige A 35 o B ™) 3 KR V6 ) C :N<40 . C P <480
WA AT G L AR ORI Y& I C sN(27.71) MU TE T C <P (400.54) 1% T 5t
(B, AR 8 8 bt 49 8 I SR, 156 2 00 b DX A AR o 8 5 1 it 32 1) NP 3R I BR T,
FIF C EMEDZME X 5k SR g R —5"
3.2 AR FR FERSCR S R IESR A I OC R

TN I R 25 25 352 50 3T A FC RIS Rl g B A Rl S 54 Fh A= il 20y, 2 o 8 JR T i s
HE) N P AEEAT BRI, AT K R4 FEAE AR 1) BRAF B AR SE RS RIR BT B NP R IBOR 4y
BIR 17.18%—43.34%F1 27.13%—58.12% , i X SEAE G P A FFIICRE 71 = T N, (HIE KT Vergutz 5545
BRI A BRI AR A S R G R N P FRIRIRCR (439008 62.10% F 64.90% ) | 3X Al g i T8 5T
IR o 2 5 w3 AE 9 DX SRR B 2% PR 1) 22 5 S 3 TRT IR A IR 5 31 5 P W A o3 A 2% J i R A 9 T 114 S5
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ERHURBFIE , W25 B A SR RAR . ARSI N P IR 3 3R R R AR B> A
TAEBE ST RTIFE L (P<0.05) , JEHIZILARHRRXT N Fl P ARISCR Y fie ey | X 5 5Kl B 55 90 R L1/ 1%
DXL ZRARAS N R O B 35 1 45 SRR — B0, TR S b TSR ] [R] B RS 8] 8, SR AR5 AN )
R A R R A RIAR FREEA — B (EH N AP A PRI RE ) 3R B R 28 5 IX AT RE 2 Hhy TABL AR B it AL e
P T HR IR (R AR R AN P R S I S AR AR AT AA X N P PR R
TS RUIIA EMERZ B | T A TR [ B ) R 7 2 O M MRS B8 D5 4 R 45 2R, AT T B 15 1 77
P MSCRE T T REAT B TS AL ARARAE SR AT SO0 A9 26 1R R A I, BETIAE 3808 i 00 R s O TR ¥
{EX — A 5 A — 2L

K Killingbeck TA %53 FEICRE 3 JE AR A AR B 1A 1A e P2 (LA BRSNS AR 0 14 9 43 PR i %
W RBIEAZ 1SR A3 AT AT 3R 43 R V& W 3% 43 1 Bk s R R s 1 ARBIE S i B NP R
C:N:PIFR S N P FRICR I W25 AAR S, XA R NP PR S A B R 2331 38 3] 56.96% Al
58.45% ; 1HEFRIPAL C:N M1 C P S N P HIRICRA BE R, BAMRMBERIET A, X — SR e
PN : (1) ABFFE P 553 %A N P RO A SR K T L3R 433X AT 4 Vergutz 55115 21 1) i
W 3R XA PO R A E51E 5 (2) oIt e i A R I 33 B3R BN THE 22 18R 5 N P IR
I SC AR LIRS S RN 33X AT RS ph T ik LU AR S i S AR A L R A3 (AR X 5 B T Han 550
Bt R < R RS R AT A 3 Al DA DA AL X R o S e B8 PRS2 52 B SR 20 ARG Bk 2 AR 0 B9 S 25 B2 T 461
RPN IR 7 BRAPIRELE I - NP 5 N P IR PR CR I BA REANSE R, I, /P I ARIXAS [l A
Pxs NP B FEI ISR RE RIS Y N (P BRI FME R 20, S8, DY R R SR BAE G 2 — A
SLIRI IS, A ST B 3R 0 BRSO RFAE SRS IR 3R 0 25 PF O R WA EA T 1 20 A (ELEE XA 37 00
PER LIRS R 4% B 5% 23 FERCRE 0 45 05 T BOIFTE I AR B, ARSRMAT 7 THmic Rl s B 55 T B IR A
WFTERENS ot — B s iz R B N AEALEE
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